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Generation IV
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of the Future
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Mentor: Dale T. Carver

Ignite-Off Presentation - 2021

Presenter
Presentation Notes
My name is Caleb Horan and I’m an undergrad student here at Los Alamos National Laboratory. Today I will be giving a 5-minute presentation on Gen IV, molten salt nuclear reactors. Let me pose to you a few hypotheticals. 
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• 300x energy yield
• Clean
• Reliable
• Modular

Presenter
Presentation Notes
What if we could create nuclear reactors with 300 times the energy yield of current models? What if this clean energy, independent of time of day or weather conditions, through cost and size, was available to those around the world? The answer, 
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Why is research 
into Molten Salts 

important?
• What are Gen IV reactors?
• What are moderators?
• How are the two related?

Presenter
Presentation Notes
4th generation nuclear reactors. By learning about Gen IV reactors, the function of moderators, and the relation between the 2, you will be able to answer the overarching question: Why is research into molten salts important?
Let’s begin by taking a brief step back in time 





Presenter
Presentation Notes
As Gen I reactors were mere prototypes, we will begin with their successor. Generation II reactors were built between 1965-1996. While effective, they could fail in extraordinary circumstances, leading to nuclear disasters. 
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Presenter
Presentation Notes
For example, both the Chernobyl and Fukushima nuclear disasters occurred using generation II reactors. In response to these incidences like these, generation III reactors were designed with a primary focus on safety. 



67/14/2021

Presenter
Presentation Notes
The biggest distinction between gen II and III was the new model’s passively safe nature. This means that they don’t require any active intervention when approaching failure. Instead, the physics of the system naturally brings the reactor to a safe shutdown state.
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Presenter
Presentation Notes
Finally, Generation 4 describes a new era of nuclear reactors currently under development. These reactors will dramatically increase efficiency, refine safety, and decrease production cost and facility size; all while remaining passively safe.
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Moderators in 
Nuclear Energy Production

Simplified nuclear reaction

Credit: U.S. Department of Energy

Presenter
Presentation Notes
To understand the part played by molten salts, we must first examine an integral component to nuclear energy, moderators. For time’s sake we will simplify nuclear reactions to be splitting nuclei, who then emit neutrons to collide with other nuclei and repeat the cycle.
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Generates energy primarily 
in the form of heat

Velocity Likelihood of Fission≈

Credit: U.S. Department of Energy

Presenter
Presentation Notes
What we want from this process are energy releasing fission events. As it would happen, not every emitted neutron will cause a fission event and the likelihood of them to occur is inversely related to the neutron’s velocity. This is where moderators come in
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Presenter
Presentation Notes
For example, imagine shooting a bullet in free air. The bullet’s only impediment being the light air molecules. Now imagine that the bullet is shot into a swimming pool filled with honey. The fast bullet would experience incredible deceleration.
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Nucleus split 
emitting neutrons

Moderator
Another Nucleus

Presenter
Presentation Notes
This is analogous to the effects of the moderator on the neutrons. When neutrons are emitted from a nucleus split, the surrounding moderator progressively slows the neutrons down before they reach another nuclei. Thus, as we’ve learned, increasing fission likelihood.
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Presenter
Presentation Notes
In addition to the slowing of neutrons, that same moderator is often used to transport the resultant heat, and as the coolant for the reactor.  
At this point, some of you might be wondering how one might improve these moderators. One of the most popular avenues 



Presenter
Presentation Notes
One of the most popular avenues is replacing current moderators with another material. The most common in the past has been water. For several of their properties, some molten salts (fluorides, chlorides and hydroxides) are prime candidates to replace this water.
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Credit: TerraPower

Operating Temp. ≈    Efficiency

Operating Pressure ≈   Safety

Presenter
Presentation Notes
Due to their near atmospheric operating pressure and comparatively high operating temperature, integrating these molten materials as the moderator of reactors will decrease safety risk while increasing efficiency. Unfortunately, current published property
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• ± 50% uncertainty
• Work to improve precision

Presenter
Presentation Notes
values for these salts in their molten state are estimated to have uncertainties of up to ± 50%.  One of the ways LANL has chosen to contribute to this development of Gen IV reactors is to improve the precision of these property values.
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Precise properties to be 
found via neutron 

imaging at Lujan Center

Credit: LANL external

Presenter
Presentation Notes
By means of neutron imaging, supported by the onsite particle accelerator, measurements will be taken while the salt sample is held in its molten state to find the material’s density, viscosity, and surface tension.
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Custom Furnace to Hold Salts 
at Temperature

• Triple containment
• 1200° C
• Supports Neutron Imaging

Presenter
Presentation Notes
My specific project’s focus was directed toward the mechanical design and deployment of the custom furnace required: a triple containment unit capable of approaching 1200°C while also supporting the neutron imaging.
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Specialized 
Rotary motor

Sample 
containment 
replacement

Coupler and 
Low Friction 

Supports

Presenter
Presentation Notes
In addition to these criteria, the furnace had to allow for swift sample replacement and be able to rotate its most interior chamber. These constraints would respectively allow for multiple experimental samples, as well as 3D models post imaging.
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Molten salt research supports 
Gen IV reactor development

Presenter
Presentation Notes
Having examined 4th generation reactors, nuclear moderators, and the relation between the two, we can now see that research into molten salts, effectively, pushes us forward in this contemporary evolution of nuclear energy.
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Thank You

Presenter
Presentation Notes
This next generation of reactors is coming to fruition but still requires aspects of research from many fields; thus I implore you all look at your own work and consider how your expertise could be applied to this pursuit. Thank you.
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